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ABSTRACT 

The experiment was carried out to determine the hardness of water, that 
is, to determine the mineral content in it. These minerals include Calcium 
ions (Ca**’), Magnesium ( Мо”), Bicarbonate (НСО,) amongst others. 
This was done by titrating water with a standard solution known as 
ethylenediamminetetra acetic acid, EDTA. Three different samples of 
water from different sources (rain water, river water, pipe bond water) 
were prepared and underwent EDTA titration in order to calculate 
hardness. Eriochrome T, was used as an indicator in the experiment. 
There was a colour change was seen to be PINK RED. Based on final 
results, it can be concluded that complexometric titration can be used to 
test for hardness in water from all sources. 


INTRODUCTION AND PURPOSE 


Water, which is also referred to as universal solvent, is able to dissolve a whole 
lot of minerals. Some of these minerals dissolved in it usually cause a 
characteristic feature known as hardness of water. Hardness of water is a term 
used to describe the presence of minerals in water. Minerals such as Calcium 
ions and Magnesium ions causes permanent hardness in water. Whereas 
minerals like bicarbonate ions cause temporary hardness in water. 


The determination of hardness in water is a useful test that provides 
quality water supply to our homes and industries for use. Water hardness 
can also be defined as the measure of the ability of water to precipitate 
soap. Hard water is not a hazard to the well-being of the body. It contains 
minerals that serves as supplement to the body. Calcium ions helps in the 
formation of strong bones and teeth. But a major disadvantage of hard 
water is the high cost of removing Calcium carbonate precipitate that 
clogs to pipes when it heated. Hence, the purpose of carrying out 
complexometric titration experiment is to determine the amount of 
Calcium ion in sources of water to know their degree of hardness and the 
best way to transport and use them. 


Complexometric titration is a quantitative analysis for determining the 
end point of titration by the formation of coloured complex. In the 
experiment, ethylenediamminetetra acetic acid, EDTA, which forms a 
complex with calcium ions was used. A sky-blue dye called Eriochrome 
Black T, was used as an indicator. The indicator was added and remains 
blue as all ions present form complex with EDTA. At the end point, when 
sufficient EDTA is added and the metal ions are chelated by EDTA, the 
colour of the solution changes from faint red to sky shade of blue leaving 
the free indicator molecule to remain. The reaction between calcium ions 
and EDTA is shown below: 


Са?‘ + H, EDTA? > CaEDTA?” -2H* 


To ensure consistent and accurate results in the titration, the pH of the 
solutions was controlled by adding 1m buffer solutions to them. That is 
NH, —NH, Cl acted as a buffer with pH 10 to prevent the interference by 
other metal ions. This was done to determine more accurately the amount 
of Calcium ions present in each source of water. 


EDTA is a stable and soluble substance with definite composition which 
makes it preferable to other titrants. Stability constant of calcium complex 
is higher than magnesium, therefore, calcium reacts first in 
complexometric titration. 


Finally, the experiment was carried out on three water samples, tap 
water, rain water and river water. 


MATERIALS, APPARATUS AND PRECAUTION 


Erlenmeyer flask (250m L): was used to contain solutions 

Measuring Cylinder (10m L): was used to measure the volume of water. 
Pipette (25 mL): 

Burette (50 mL): 


Dropper: was used to drop few drops (five drops) of buffer solution on 
water samples. 


Electronic balance: was used to measure the mass of EDTA 


Beaker: was used to store volumes of solutions and water. 


MATERIALS: 

Water samples (tap, rain, river water) 
Eriochrome Black T indicator. 

Dilute hydrochloride acid 

Deionized water 

NH, —NH, Cl 

PRECAUTIONS: 


Titration was performed slowly near the endpoint for the detection of 
sharp and correct endpoints 


Burette was always rinse with other flasks with distilled water before 
using. 


No tinge of reddish hue was made to remain at the endpoint, the solution 
was Clear blue. 


PROCEDURES EXPERIMENT AND DATA. 


0.9306 Kg of EDTA was measured in an electronic balance and recorded. This 
measured mass was then dissolved into a round button flask with the help of a 
funnel. 


50m L of rain water was measured using a measuring cylinder. The measured 
volume of water was transferred into a conical flask. 1m L of a buffer solution 
was measured into beaker and poured on the rain water in the conical flask. 


Five (5) drops of Eriochrome Black T was dropped into the conical flask 
containing rain water and buffer solution. 


The rain water solution of buffer and indicator was titrated with EDTA solution. 
This was repeated three times. The concentration of Calcium in each sample in 
units of molar and ppm was reported and recorded. 


Assay of EDTA: 
0.1 M EDTA = 250 mL 
Molecular weight = 372g/mol 


98% complexometric 


m 
Mole, Цай, 


т=0.0025 х 372 
= 0.9306g. 


Rain water 


TITRATION 1 2 3 
Initial Burette 10.00 19.00 27.08 
reading (m L) 

Final Burette 19.00 27.80 37.00 
reading (m L) 

Volume of EDTA 9.00 8.80 9.20 
used (m L) 


8.80+9.00+9.20 
3 


= 8.80 ті 
Concentration of ЕОТА = 0.01 mol/L 
Volume (EDTA) = 0.001 


8.80 x0.001 
0.005 


Average titre valve — 


Titre hardness in rain water = 


= 1.76 x10? M 


In ppm = 100.1 x10?x1.76x10^? 


= 176.176ppm 


RIVER WATER 


TITRATION 1 2 
Initial Burette 0.00 8.80 
reading (m L) 

Final Burette 8.80 17.60 
reading (m L) 

Volume of EDTA 8.80 8.80 
used (m L) 


8.80+8.80+8.90 
З 


= 8.80 
Concentration of ЕОТА = 0.01 М 


Average titre value = 


Average titre value = 9.00 т 


-2 
Total hardness = 10 кооп 
50 
=1.8 x10^?M 
In ppm = 100,1 x1.8x10 ?x10? 
—180.18ppm 
Tap water 
TITRATION 1 2 
Initial Burette 17.60 28.00 
reading (m L) 
Final Burette 28.00 38.10 
reading (m L) 
Volume of EDTA 10.40 10.10 
used (m L) 


10.40+10.10+10.10 
© 


= 10.10mL 


Average titre values = 


17.60 


26.50 


8.90 


48.20 


10.10 


Total hardness Е ООБА 
50 
Total hardness = 2.02 х 107° 
In ppm = 100.1 x10 ?x2.02x10? 


— 202ppm 


RESULTS AND DEDUCTION 


From our data and experiment, it could be seen that tap water contains 
more hardness than river and rain water. This is because of the presence 
of more dissolved substance or minerals in it. Water processing 
companies dig deep to provide safe and clean water for domestic 
consumption. These is the cause of more dissolved minerals in tap water . 
This is then followed by river water containing more minerals than the rain 
water. Rain water has little or no mineral dissolved in it. This results are 
logical and reasonable. This attest to the fact that complexometric 
titration is a valid way to test for hardness in water. 


We can also reason out the the presence of calcium carbonate in water in 
a major cause of permanent hardness in water. From a book compiled by 
Dr. Ami Johannes,." Chemistry Laboratory RP273 Lab Manual",31pp, the 
degree of hardness of water is classified in terms of its calcium carbonate 
concentration as follows; 


Hardness rating Concentration of | Concentration of 
calcium Carbonate | Calcium Carbonate 
(mg/L) (g/US gallons) 

Soft 0 to < 75 0to« 5.2 

Medium 70 to « 150 5.2 to « 10.5 

Hard 150 tO « 300 10.5 to «21 

Very hard 300 ad greater 21 and greater 


Concentraion in (mg/L) can be changed to ppm using the relation, (ppm) 
= [Endpoint (mg/L) x 1000 x 24.5] / [Molecular Weight] 


Comparing our results in ppm to the table above, it could be seen that 

tap water(200.2ppm) would fall between the range 150 to « 300, which 
corresponds to hard water. It can be deduced that the tap water tested is 
hard. Moving further, the ppm of river water which is 180.18 ppm falls in 
the same range. This also implies that river water contains hardness. 


Also , the ppm of rain is 176.176, this falls in the range of hard water 
water too. This means that calcium carbonate was able to dissolve in the 
rain water too. 
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